Abstract Mesenchymal stem cells (MSCs) are under intensive investigation for use in cell-based therapies because their differentiation abilities, immunomodulatory effects, and homing properties offer potential for significantly augmenting regenerative capacity of many tissues. Nevertheless, major impediments to their therapeutic application, such as low proliferation and survival rates remain as obstacles to broad clinical use of MSCs. Another major challenge to evolution of MSC-based therapies is functional degradation of these cells as a result of their exposure to oxidative stressors during isolation. Indeed, oxidative stress-mediated MSC depletion occurs due to inflammatory processes associated with chemotherapy, radiotherapy, and expression of pro-apoptotic factors, and the microenvironment of damaged tissue in patients receiving MSC therapy is typically therapeutic not favorable to their survival. For this reason, any strategies that enhance the viability and proliferative capacity of MSCs associated with their therapeutic use are of great value. Here, recent strategies used by various researchers to improve MSC allograft function are reviewed, with particular focus on in vitro conditioning of MSCs in preparation for clinical application. Preconditioning, genetic manipulation, and optimization of MSC culture conditions are some examples of the methodologies described in the present article, along with novel strategies such as treatment of MSCs with secretome and MSC-derived microvesicles. This topic material is likely to find value as a guide for both research and clinical use of MSC allografts and for improvement of the value that use of these cells brings to health care.
Introduction
Self-renewal, differentiation, and regeneration capacities are the main characteristics of stem cells making them ideal tools for treatment of some congenital or acquired diseases or for their application in gene therapy, drug delivery, and regenerative medicine (Biffi et al. 2013; Garbern and Lee 2013; Greco and Rameshwar 2012; Law and Chaudhuri 2013; Murphy et al. 2013; Przybyla et al. 2013; Saunders et al. 2013) .
Hence, recently, embryonic stem cells (ESCs) and induced pluripotent stem cells (iPSC) have gained intensive research attention in cell therapy experiments (Cai et al. 2013a; Ito et al. 2013; Kuhn et al. 2013; Liu et al. 2013; Shtrichman et al. 2013; Toh et al. 2011) .
However, despite the differentiation capacity of the ESCs and iPSCs, potential tumorigenesis, ethical concerns, and graft versus host disease (GVHD) are the major challenges in development and clinical application of these cells (Brind'Amour 2012; Herberts et al. 2011; Knoepfler 2009; Lodi et al. 2011; Malard and Mohty 2014; Mertes and Pennings 2009; Takahashi et al. 2007 ).
Due to these limitations, mesenchymal stem cells (MSCs) are now much more interested for application in cell-based therapy (Law and Chaudhuri 2013; Murphy et al. 2013; Wei et al. 2013) . MSCs are plastic-adherent-multipotent stem cells that are able to differentiate to at least osteo, adipo, and chondrocytes and also several other cell types (Dominici et al. 2006; Li et al. 2013b) . They are easily isolated from bone marrow, adipose tissue, peripheral blood, dermis, umbilical cord (UC), umbilical cord blood (UCB), amnion fluid, and placenta, somehow without any invasive procedure (Choudhery et al. 2013; Koliakos et al. 2011; Lee et al. 2010; Lindenmair et al. 2012; Mennan et al. 2013; Ribeiro et al. 2013) . Despite some differences between MSCs originated from various sources, they share the main characteristics mentioned above (Al-Nbaheen et al. 2013; Choudhery et al. 2013; Jin et al. 2013) . MSCs have paracrine effects with immunomodulatory properties because of their ability to secrete several cytokines and chemokines (Arno et al. 2014; Linero and Chaparro 2014; Song et al. 2013) .
However, application of MSCs in cell therapy has been hindered due to various limitations such as their low proliferation rate (Han et al. 2014; Liu et al. 2009; Yoon et al. 2011) , restricted life span, and gradual loss of stemness during ex vivo expansion (Fossett and Khan 2012; Liu et al. 2009 ). Various stress conditions including oxidative stresses imposed through isolation and in vitro expansion of MSCs could induce apoptosis (Wei et al. 2010; Han et al. 2013) , resulting in more than 99 % cell death during the first few days after transplantation (Lee et al. 2009b; Toma et al. 2002; Zhang et al. 2001) . Moreover, the toxic environment caused by inflammation, chemotherapy, and irradiation of MSCs recipients could result in even higher cell death (Li et al. 2013a; Francois et al. 2013; Xu et al. 2012) .
Hence, optimization of MSCs culture condition and their protection against various stresses are very critical to provide sufficient amount of efficient MSCs. Application of some useful guidelines to protect MSCs from premature death would lead to higher engraftment rates. There are several strategies to improve survival rate, potency, and function of MSCs. In fact, methods for improvement of MSCs for cell therapy applications are under intensive studies. Some of these methods would be reviewed and discussed in the following sections.
Preconditioning
Preconditioning-induced protection was first reported by Murry (Murry et al. 1986 ) when he exposed myocardial stem cells to a sub-lethal ischemic condition that resulted in the heart resistance to severe ischemia.
Different in vitro and in vivo studies reported increased MSCs survival after their preconditioning by cultivation under hypoxic and serum deprivation conditions (He et al. 2009; Hu et al. 2008; Hung et al. 2007; Oh et al. 2010; Wang et al. 2008) . Rate of successful engraftment and the differentiation capacity of the preconditioned MSCs are higher than nonpreconditioned controls (Jäderstad et al. 2010; Ren et al. 2006) . Chemotaxis, proliferation, and migration capacities of MSCs are enhanced following their treatment under optimized sub-lethal stress conditions (Liu et al. 2010; Tang et al. 2009b) .
Mechanisms involved in MSCs protection following their preconditioning are not fully determined. However, alteration of intrinsic signaling pathways of some growth factors, cytokines, and chemokines and the expression levels of their receptors (especially CXCR4) due to preconditioning have been reported in several studies (Liu et al. 2010; Lu et al. 2012) . The most practical and important preconditioning method applied in various studies is H 2 O 2 preconditioning.
ROS-mediated-oxidative stress is one important reason for apoptosis and death of donor MSCs following engraftment (Li et al. 2013a; Ren et al. 2012; Wei et al. 2010) . Hence, various strategies such as preconditioning of MSCs with H 2 O 2 might be useful for their adoptive protection against harmful conditions and could prevent apoptosis induction. In other words, treatment of MSCs with minute concentrations of H 2 O 2 for a short period of time fortifies MSCs against oxidative damages upon their exposure to high concentrations of ROS . Enhanced heart function, induction of neovascularization, and decreased myocardial fibrosis have been reported following transplantation of H 2 O 2 preconditioned MSCs to infracted myocardium of mice (Pendergrass et al. 2013 ). Higher levels of VEGF, hepatocyte growth factor (HGF), and IL-6 were detected after H 2 O 2 treatment of MSCs . H 2 O 2 preconditioning decreases serum deprivation (SD)-induced apoptosis and enhances expression of smooth muscle and endothelial cell markers, resulting in proper myocardial cell differentiation and improvement of ventricular function after ischemia-reperfusion injury (Pendergrass et al. 2013 ). H 2 O 2 preconditioning activates Notch1 (Notch homolog1) and Wnt11 signaling pathways involved in stem cell differentiation, heart regeneration, and enhancement of early cardiac development (Boopathy et al. 2013) . Low H 2 O 2 concentration enhances expression of CXCR4 at transcriptional and translational levels and also promotes migration capability of MSCs by facilitating the interaction between CXCR4 and its ligand, stromal cellderived factor-1α (SDF-1α). It also prevents induction of apoptosis in MSCs (Li et al. 2009 ).
It is noteworthy that treatment of MSCs with high concentrations of H 2 O 2 or for a long period of time induces cell damages and death Pendergrass et al. 2013) . Table 1 represents the conditions of hydrogen peroxide preconditioning and potential mechanisms that have been reported in previous studies.
Hypoxia
In vitro cultivation of mammalian cells including MSCs is performed under normoxic condition containing 20 % O 2 . However, the physiological O 2 concentration is much less than the in vitro concentration. Oxygen pressure in various tissues from which MSCs are isolated is variable, being 10-15 % in adipose tissue, 1-7 % in bone marrow, and 1.5-5 % in female reproductive tract and birth-associated tissues (Bizzarri et al. 2006; Fischer and Bavister 1993) . O 2 concentration in MSCs niche is about 2-8 % (Ma et al. 2009 ). Therefore, cultivation of MSCs under normoxic condition induces oxidative stress, produce reactive oxygen species (ROS) that affect DNA, proteins, and other biomolecule structures, and changes metabolism of the cells (Fehrer et al. 2007; Jackson and Bartek 2009) . In contrast, cultivation of MSCs under lower O 2 pressure exhibits less chromosomal abnormalities and senescence (Fehrer et al. 2007 ). For example, O 2 concentration of 0.5-1 % reduces apoptosis, increases paracrine effects, and enhances regenerative capacity of bone marrowderived-MSCs (BM-MSCs) for repairing infarcted myocardium (Hu et al. 2008) . Hematopoietic stem cells (HSCs) proliferate much faster when co-cultured with hypoxiapreconditioned-MSCs that secrete higher levels of IL-6 and express hypoxia inducible factor-1 (HIF-1) (Hammoud et al. 2012) . Table 2 represents some reports on hapoxia and its effects on signaling molecules which might be involved in survival, differentiation, and proliferation of MSCs.
Conversely, there are some studies indicating inhibitory effects of hypoxia on differentiation capacity of MSCs isolated from different sources. However, no effects on cell survival and metabolism have been shown (Hass et al. 2011; Potier et al. 2007a) . Oxygen concentration, time of exposure to hypoxia, procedure of hypoxia induction, and especially intrinsic differences between various cell types could be the reasons of these discrepancies. It is clear that oxygen tension is an important element in maintenance of MSCs stemness and for determination of their fate (Drela et al. 2014) . Overall, preclinical studies on hypoxia preconditioning are under way for improvement of MSCs survival and healing capability.
Serum deprivation (SD)
Serum deprivation and poor nutrition are known stresses, due to which increased MSCs death occurred (Haider and Ashraf 2008; Robey et al. 2008) . Therefore, strengthen of MSCs against these stresses might be useful for enhancing their therapeutic efficacy. Various concentrations of fetal bovine serum (FBS) are used in most expansion protocols to supply essential requirements including growth factors, vitamins, and attachment factors that are necessary for cell growth and proliferation (Bieback et al. 2009 ). However, optimization and standardization of suitable FBS concentration is very difficult because of lot-to-lot variation of FBS. Moreover, the risk of infections and immune reactions must be considered (Sundin et al. 2007 ). Serum contains complement that upon activation injures MSCs which leads to cell death (Li and Lin 2012) . FBS and serum supplements might cause MSCs senescence and aneuploidy as shown in some clinical Rat 20 μM for 24 h ↑ Cell survival and migration/SDF-1-CXCR4 (Li et al. 2009) VEGF vascular endothelial growth factor; HGF hepatocyte growth factor; α-SMA alpha-smooth muscle actin; Wnt11 wingless-related MMTV integration site 11; Notch1 Notch homolog1; CXCR4 chemokine receptor; SDF-1 stromal cell-derived factor-1 Wnt4 wingless-related MMTV integration site 4; VEGF vascular endothelial growth factor; Flk1 fetal liver kinase 1; VE-cadherin vascular endothelialcadherin; HIF-1α hypoxia inducible factor 1-α; Akt a type of protein kinase; CXCR4 and 7 and CX3CR1 chemokine receptors; Bcl-2 B-cell lymphoma 2; EPO erythropoietin applications (Tarte et al. 2010 (Pochampally et al. 2004) . They show suitable tube formation ability when cultured on Matrigel-coated plates that refer to their potentiality for endothelial differentiation (Iwase et al. 2005) . They also differentiate to functional endothelial cells after transplantation to ischemic-model-rats (Iwase et al. 2005) . SD accelerates somatic cells reprogramming in procedures of iPSCs production because it improves viral infection rate and increases transduction ratio (Chen et al. 2012a ). Conversely, some reports indicate induction of cell death by SD. Intensive and long-time hypoxia/SD condition result in massive cell death because of severe and prolonged restricted nutrients supply (Potier et al. 2007b) . SD provokes the onset of apoptosis by increasing caspase-3 activity. It also induces cytochrome C releasing resulting in mitochondrial dysfunction and more apoptotic death (Zhu et al. 2006) . SD (or combination of SD and hypoxia) may generate more intracellular ROS, which decreases the integrity and potential of mitochondrial membrane followed by increased Bax/Bcl-2 ratio (Wang et al. 2014a ).
However, the reported discrepancies may be due to differences between various methods used for induction of SD condition, especially regarding the exposure time length and also because of the differences between various techniques used to determine cell death or survival. Some related studies and their findings about effects of SD on MSCs are represented by Table 3 .
Pretreatment
MSCs were subjected to pretreatment with other chemicals and biologicals such as SDF-1 (Pasha et al. 2008) , IL-1β, transforming growth factor-β (TGF-β) (Luo et al. 2012) , and transforming growth factor-α (TGF-α) (Herrmann et al. 2010) . Simultaneous pretreatment with IL-1β and TGF-β stimulates secretion of higher levels of VEGF comparing to pretreatment with each of these factors alone. This resulted in better post-ischemic recovery of left ventricular developed pressure (LVDP) (Luo et al. 2012) . Pretreatment of MSCs with SDF-1 increases their survival following exposure to H 2 O 2 and improves proliferation and homing ability of transplanted MSCs (Pasha et al. 2008 ).
Genetic manipulation
Overexpression of cytoprotective genes is a suitable strategy to increase survival of MSCs. There are various reports on upregulation or suppression of important genes involved in vital cell cycles, apoptosis, and cell survival pathways. Hence, various signaling pathways are activated, and the modified networks of biomolecules, chemokines, and cytokines might affect metabolism, survival, differentiation, and migration potencies of MSCs (Hodgkinson et al. 2010) .
MSCs overexpressing Akt (MSCs-Akt), a serine-threonine protein kinase with vast cytoprotective effects, showed higher survival rate and significant improvements in cardiac function following their transplantation into ischemic heart tissue. Furthermore, the MSCs-Akt showed higher angiogenesis capability, leading to decreased infarcted size and number of apoptotic cells (Noiseux et al. 2004 ). Upregulation of Akt enhances secretion of fibroblast growth factor (FGF), VEGF, HGF, and some other cytokines by MSCs (Mirotsou et al. 2007) .
Equipping MSCs with anti-apoptotic factors including Bcl-2 inhibits mitochondrial apoptotic pathways; hence, it improves cell viability, angiogenesis rate, and the regeneration potential of damaged heart tissue via regulation of VEGF secretion (Li et al. 2007 ).
Overexpression of heat shock protein 20 (Hsp20) in MSCs (MSCs-Hsp20) using viral vectors enhances their engraftment potential in ischemic condition because of increased number of viable cells. Normally, Hsp20 is expressed in stress conditions to correct configuration of damaged biomolecules such as VEGF, insulin-like growth factor-1 (IGF-1), Akt, and FGF to retain their biological functions. It also improves angiogenesis potential and survival of cardiomyocytes under oxidative stress (Wang et al. 2009 ).
Transient overexpression of nuclear factor related (erythroid-derived 2)-like 2 (Nrf2) in MSCs results in increased level of super oxide dismutase (SOD) and heme oxygenase-1 Akt a type of protein kinase; eNOS endogenous Nitric oxide synthesis (HO-1), which protect the cells against apoptosis induced by oxidative stress and hypoxic conditions (Mohammadzadeh et al. 2012) . Nrf2 is an oxidation/reduction-sensitive transcription factor that plays important role in antioxidant defense (Kensler et al. 2007; Lee and Johnson 2004) . Overexpression of HO-1 in MSCs using adenovirus expression system fortifies these cells against cytotoxic effects of H 2 O 2 and inhibits the apoptosis induced by oxidative stress (Hamedi-Asl et al. 2012 ). In addition, overexpression of Lipocalin-2 (Lcn2) in MSCs protects them against stressful microenvironments through upregulation of various antioxidant and growth factors (Halabian et al. 2013) .
Genetic manipulation of MSCs with recombinant vectors encoding HIF-1α (MSCs-HIF-1α) reinforces their supportive functions on hematopoietic stem cells (HSCs). The MSCs-HIF-1α are resistant against hypoxic, oxidative, and serumdeprived stress conditions (Kiani et al. 2014) .
There are further studies regarding cytoprotective effects of overexpressing other genes in MSCs. Table 4 summarizes the results of the mentioned studies.
Despite progressions and encouraging results of the genetically manipulated MSCs, there is a major safety concern in their clinical application and therefore, they are still not approved to be used. Hence, conducting further studies to address this concern is essential.
Improvement of MSCs culture conditions and microenvironments
In order to provide sufficient numbers of MSCs for therapeutic applications, they are cultured and expanded in vitro. However, there is not a single method for cultivation of MSCs and various culture conditions and supplements are used in different laboratories. Various cultivation parameters including nutrients, culture medium, gas pressure (O 2 , CO 2 , and N 2 %), temperature, and humidity influence the fate of MSCs (Van Der Sanden et al. 2010) . There is always a balance between self-renewal and differentiation potential of MSCs (Krinner et al. 2010; Singh and Schwarzbauer 2012) . This is influenced by several intrinsic and extrinsic parameters including growth factors and surrounding extracellular matrix (Krinner et al. 2010; Singh and Schwarzbauer 2012) . Therefore, their cultivation conditions must be refined according to the purpose of the expansion. In vivo, MSCs reside and grow in their niche, a highly specialized three dimensional Akt a type of protein kinase; FGF fibroblast growth factor; VEGF vascular endothelial growth factor; HGF hepatocyte growth factor; Bcl-2 B-cell lymphoma 2; Nrf2 nuclear factor related (erythroid-derived 2)-like 2, Hsp20 and 70 heat shock protein 20 and 70, IGF-1 insulin-like growth factor-1; SOD super oxide dismutase; HO-1 heme oxygenase-1; Lcn2 lipocalin 2; HIF-1α hypoxia inducible factor-1α; TNFR tumor necrosis factor receptor; Bcl.xl B-cell lymphoma extra large; MAPK mitogen-activated protein kinase; SDF-1 stromal cell-derived factor 1; SIRT1 NAD-dependent deacetylase sirtuin-1; (Reynolds and Weiss 1992) . Aging and high glucose levels negatively interfere with MSCs self-renewal capacity and their proliferation rate (Choudhery et al. 2012a; Cramer et al. 2010; Han et al. 2012; Stolzing et al. 2010 ). However, MSCs isolated from old rats followed by suspended cultivation retain their clonogenic and self-renewal capacity even at presence of high glucose concentrations (Stolzing et al. 2012 ). These cells express pluripotency markers and are much primitive than those cultured under adherent conditions.
MSCs show faster proliferation rate and shorter doubling time when cultured in suspension. Increased nitric oxide (NO) contents, an efficient factor for suppression of immune reactions, gives the suspended MSCs more immunomodulatory potencies which cause better engraftment and higher regeneration capability after allogeneic transplantation (Chen et al. 2012b) . Cultivation under suspension conditions retains MSCs stemness and induces expression of pluripotency markers (Amiri et al. 2014a; Higuchi et al. 2012) .
Hanging drops technique is a conventional method for culturing cells under suspension conditions or their differentiation (Banerjee and Bhonde 2006). Several biomolecules and synthetic polymers for inhibition of cell attachment and suspension cultivation of various cell types have been developed and reported by different studies (Amiri et al. 2014b; Asakura et al. 1992; Ishihara et al. 1999 ).
Scaffolds
MSCs are increasingly used in regeneration medicine for repairing various damaged tissues. A wide range of biomaterials have been developed to fit prerequisites of MSCs for this purpose. Being either synthetic or natural, these scaffolds are mostly originated from collagen, fibrin, agarose, alginate, and silk (Willerth and Sakiyama-Elbert 2008) .
Furthermore, to reproduce and mimic natural niche of MSCs and for delivery of engineered cells, threedimensional (3D) scaffolds have been developed. The most important criteria of these scaffolds are being biocompatible, nontoxic, and biodegradable. These biomaterials are used for manipulation of the complex interactions between cells and their matrix to obtain favorable differentiated status of the cells (El-Amin et al. 2003; Meinel et al. 2004) .
These scaffolds support seeded MSCs and direct their commitment toward functional differentiated cells (Donzelli et al. 2007 ). Sometimes, standardized mixtures of a number of scaffolds show better performance in improving MSCs potentiality (Whu et al. 2009 ).
Collagen scaffolds impregnated with MSCs prevent expression of growth inhibitory molecules such as Nogo-A that results in enhanced axonal plasticity (Mahmood et al. 2014) . It has been shown that regeneration of traumatic brain injury lesions is obtained more quickly by MSCs scaffold comparing to application of MSCs alone (Mahmood et al. 2014 ). Neuronal differentiation and fast repairing of damaged brain tissues are promoted by chitosan scaffolds .
Extracellular matrix (ECM) components isolated from cardiac tissue form biocompatible scaffolds which support longlasting growth of MSCs while maintaining their viability and differentiation capability (Eitan et al. 2009 ). These cells seem to be more potential for regeneration of infarcted heart.
In general, scaffolds contribute to optimize MSCs microenvironment and modulate the complex interactions between cells and the matrix around, which finally leads to wellcontrolled growth and behavior of cells.
Three-dimensional and dynamic culturing
Isolation of MSCs from different tissues and their cultivation by conventional monolayer culturing methods alter their naive niche that might affect the fate of MSCs (Ehninger and Trumpp 2011). Since conventional methods cannot control the growth and proliferation rate of MSCs well, their selfrenewal capacity and differentiation potencies are gradually lost (Lund et al. 2009 ).
However, comparing to monolayer cell cultivation, different chemical and physical events are found within 3D environments that cells are originated from them. Encapsulation of cells in some proper biomaterials and formation of 3D spheroids are simple methods that have been developed to generate 3D culturing modules (Cardoso et al. 2012; Ramsey 2011) .
Cultivation of MSCs under naive or engineered 3D conditions provides suitable environment for controlling and predicting cell growth (Lund et al. 2009 ). Cell surface markers, extracellular matrices, and paracrine effects of MSCs might be affected by 3D culturing, which could influence cellcell interactions and finally change the cells' fate (Huebsch et al. 2010 ). 3D cultivation facilitates positive interactions between the three main elements in microenvironment including extracellular matrix, cells, and signaling pathways and molecules (Whu et al. 2009 ).
Design of dynamic culture condition in appropriate spinner flasks improves MSCs differentiation capability, viability, and therapeutic effects following transplantation (Frith et al. 2009 ). Application of perfusion flasks that have two phases not only leads to perfect distribution of supplements and nutrients but also results in appropriate elimination of waste and toxic metabolites (Baker and Chen 2012). Intelligent special flasks have been designed to monitor cell metabolism dynamically (Lavrentieva et al. 2010) . These flasks have a sensor dye with luminescence lifetime for recording pH and dissolved O 2 percentage in culture medium.
Bioreactors
To provide sufficient numbers of MSCs for various applications, cultivation must be scaled up. Some bioreactors have been designed for this purpose. Bioreactors facilitate medium circulation and stimulate cells to form a functional tissue. These instruments reduce contamination potential, handling steps and permit monitoring of environmental parameters such as temperature, pH, O 2, and CO 2 concentration (Carpentier et al. 2011) . Rotating wall vessels, perfusion systems, and spinner flasks are the three most common bioreactor types.
Rotating wall vessels have low turbulence and shear stress and provide well-controlled oxygenation. These bioreactors are composed of two concentric cylinders; first, to supply media and nutrients and second, to circulate and exchange the gasses (Sikavitsas et al. 2002) . Spinner flasks have cylindrical container and stirring element to refresh and mix culture medium. These kinds of bioreactors accelerate MSCs differentiation when compared with static cultivation system (Godara et al. 2008) . Spinner flasks and rotating wall vessels minimize gradients of metabolite and nutrient concentrations and prepare static conditions. But perfusion, bioreactors provide dynamic-controlled conditions with more uniform media that allow physical stimulation of cells and environmental monitoring. These systems are designed for continuous or non-continuous media perfusion through the scaffolds that performed by especial pumping system (Godara et al. 2008; Yeatts and Fisher 2011) .
Enhanced cell seeding, fast and controlled cell expansion, and efficient oxygen, metabolites, and nutrients exchange are main factors which must be considered when designing a bioreactor (Godara et al. 2008) . The schematic structures of bioreactors are represented by Fig. 1 .
Miscellaneous
Secretome or conditioned medium and microvesicles (MVs) derived from MSCs are also two recent practical strategies to improve MSCs-based therapies.
Secretome or conditioned medium
As mentioned before, paracrine effects of MSCs are mediated due to their ability to secrete several cytokines and chemokines (Devine et al. 2003; Ren et al. 2008) . Therefore, culture medium of MSCs, which is called secterome or conditioned medium, contains these biological factors that could successfully be used in regenerative medicine. There are evidences that show regulatory roles of secretome in various critical pathways in cells (J Salgado et al. 2010) . Various studies reported that cultivation of stem cells in the presence of MSCs secretome improves their viability, differentiation, and regeneration capacities (Angoulvant et al. 2011; Katsha et al. 2010; Osugi et al. 2012) .
However, some biomolecules and growth factors involved in regeneration process are also favorable for metastasis and tumor formation (Hoeben et al. 2004; Lee et al. 2012; Paschos and Bird 2010) . For example, hepatocyte growth factor (HGF) plays critical role in motility of hepatocytes and some other cell types. Although its function is very important in liver regeneration, it also involves in neoplasm formation, cellular invasion, and metastasis (Hoeben et al. 2004) . VEGF not only accelerates wound healing but also ameliorates formation of tumoral stroma (Hoeben et al. 2004) . Tumor growth factor beta and matrix metalloproteinase 7 (MMP-7, matrilysin), a member of MMP family, may be involved in migration and invasion of colorectal cancer cells in early tumor metastatic phase (Paschos and Bird 2010; Lee et al. 2012) .
Therefore, the positive effects of MSCs for regenerative therapies especially during remission or in presence of tumor are controversial (Wang et al. 2014b; Wong 2011; Zimmerlin et al. 2013) . Hence, injection of optimized volume of conditioned medium instead of individual MSCs might be practical (Cantinieaux et al. 2013 ) and addresses the concerns related to the probable risks of MSCs engraftment. Secretome and its therapeutic effects are subjected for ongoing intensive studies.
MSCs-derived microvesicles
Microvesicles (MVs) are the plasma membrane-derived circular fragments shed from the surface of MSCs and other cell types or released from endosomal compartment (Camussi et al. 2010; Muturi et al. 2013; Ratajczak 2011) . These structures harbor various cell-derived components including surface receptors and ligands, messenger RNAs (mRNAs), microRNAs, proteins, and even some organelles. It seems that MVs play role in transferring messages from parental cells to other cells regarding proliferation, cell immunity, transcription, and other vital cell events (Bruno et al. 2009; Collino et al. 2010) . Bi-directional information exchange between stem cells and injured cells by MVs may be one of the mechanisms involved in stem cells' positive effects on cell reprogramming and reproduction (Camussi et al. 2013) .
Presence of antigenic markers including CD44 and CD29 and some adhesion molecules on the surface of MVs originated from MSCs has been reported. These MVs are uptaken by renal tubular cells and participate in their repairing following glycerol-induced acute kidney injury (AKI) (Bruno et al. 2009 ).
Application of MVs instead of intact MSCs is more promising because of the lower risk of malignant transformation (Baglio et al. 2012; Tetta et al. 2011) . It is also possible that MVs originated from engineered MSCs express more surface molecules, growth factors, microRNA (miRNA), and mRNA which may promote neovascularization of damaged tissues and inhibit apoptosis of target cells (Ratajczak 2011).
In brief, MVs and their functions in cell-cell communication should be more defined and could become a vehicle for cell-derived therapeutics. Figure 2 describes the MVs roles in cell-cell communication and cell reprogramming.
Other challenges against MSCs-based cell therapies and promising strategies to overcome them Due to impaired regeneration potential of MSCs caused by cellular senescence following their multiple passages, application of lower passages of MSCs is recommended for cell therapy purposes (Choo et al. 2014; Burova et al. 2013; Moll, 2012) . In addition, replicative and stress-induced premature senescence would be caused in MSCs by unfavorable microenvironments, mainly oxidative stress (Cui et al. 2011) . Decreased proliferation rate, genetic instability, and aneuploidy are the main consequences of replicative senescence (Estrada et al. 2013) . Hence, many in vitro attempts are underway to decrease senescence of MSCs and subsequently improve their viability.
One of the strategies for prevention of premature cellular senescence induction is pretreatment of MSCs with Fig. 1 The structure of different types of bioreactors. a Rotating wall vessels bioreactor. This kind of bioreactor is designed base on horizontal rotating vessels containing inner and outer cylinders to supply media and circulate and exchange the gasses. The scaffolds may attach on outer vessels wall or not. b Spinner flasks bioreactor. It has cylindrical container contains impregnated scaffolds and magnetic stirring bare or paddle to refresh and mix culture medium. c Perfusion bioreactor. Its dynamic systems are made of pumping system to perfuse fresh medium through the scaffolds continuously or non-continuously resveratrol, which may act through inhibiting reduction of senescence-associated proteins and NAD-dependent deacetylase sirtuin-1 (SIRT1) (Choi et al. 2014 ). Another strategy is to overexpress wild-type p53 inducible phosphatase-1 (Wip1) (Lee et al. 2009a ). This protein is a stress modulator, which prevents morphologic changes in MSCs via downregulation of signaling pathways involved in the process of premature senescence (Lee et al. 2009a ).
High-calorie resources like glucose-or nutrientenriched culture media would affect proliferation rate and clonogenicity of MSCs by induction of replicative senescence (Stolzing et al. 2006) . Hence, application of low-glucose level culture medium resulted in increased fibroblastoid colony-forming unit (CFU-F) capacity of MSCs in terms of their size and number (Stolzing et al. 2006) .
More recently, we also found that overexpression of Lcn2 in bone marrow-derived MSCs decreased their senescence under sub-lethal doses of oxidative stress (Bahmani et al. 2014 ). This finding suggested that overexpression of Lcn2 would be beneficial to retain the fitness of MSCs for cell therapy purposes in elderly people, who are susceptible to Fig. 2 Effects of secretome or conditioned medium and MSCs-derived microvesicles (MVs) on tissue regeneration and cell fate. Harvested conditioned medium that contains growth factors and cytokines improves cell differentiation and tissue regeneration capacities.
MVs containing various mRNAs, microRNAs, receptors, and ligands facilitate cell-cell communication and consequently improve their potentiality Fig. 3 Schematic representation of strategies used to improve MSCs potentiality and their therapeutic efficiency. Preconditioning under sublethal stresses including hypoxia, serum deprivation, and oxidative stress enhances MSCs properties such as survival and migration capability. Genetic manipulation and equipping with cytoprotective genes (Akt, Bcl2, Nrf2, HIF-1α, and HO1) lead to enhanced angiogenesis and survival rate and decreased apoptosis of MSCs. Improvement of culturing and microenvironment conditions increases MSCs survival rate and potentiality. Some of the most important methods (suspension cultivation, scaffolds, 3-dimesional dynamic culturing, and bioreactors) are highlighted here. Secretome and MSCs-derived microvesicles (MSCs-MVs) are recent strategies which may improve MSCs communication, differentiation, and reprogramming ability many diseases in which autologous MSC-based therapy may be applicable.
Tissue-specific progenitor cells proliferate and replace lost or injured cells in response to traumatic influences. However, the pool of these progenitor cells is depleted by various situations such as microbial challenge, toxicant exposure, mechanical or thermal injury, and a wide range of other stressors-along with inflammation triggered by the primary insult, which also impairs the normal function of the affected tissues (Seaberg et al. 2003) . Therefore, these stressors and their effects on stem cells, particularly MSCs, must be identified to maintain MSCs pools or optimize their expansion protocols (Mansouri et al. 2012; Tower 2012) . In addition, for selective tissue regenerative medicine or preserving MSCs pool, application of some new target tissue-based strategies and modulation of the target tissues to secrete more specific chemokines to facilitate MSCs homing might be possible (Naderi-Meshkin et al. 2014) .
Moreover, aging, senescence, and accumulated damages may exhaust stem cell pools in old age (Boyette and Tuan 2014) . It has been shown that MSC can be amenable to overcome the challenges (Gharibi et al. 2014) . Definition of aging and longevistatic process could progress interventions to extent life span along with stem cell, especially MSCs, in this field (Haines et al. 2013) .
Mahmood Choudhery et al. reported less wound healing and proliferation rate after transplantation of MSCs isolated from older donors (Choudhery et al. 2012a) . When compared to young donor-derived MSCs, the aged donor-derived MSCs were capable of producing lower amount of some growth factors such as VEGF and SDF-1, but express higher levels of p53, p21, p16, and Bax, which resulted in apoptosis and senesces (Choudhery et al. 2012a ). However, in vitro caloric restriction of MSCs isolated from aged (24 months) mice improved expression of genes-regulating viability, along with improvements in indices of population doubling (PD) and superoxide dismutase (SOD) activity (Choudhery et al. 2012b) . Moreover, in contrast to MSCs grown in nutrientrich medium, engraftment of the caloric-restricted aged MSCs significantly improved left ventricular tissue damage of aged mice, which had sustained surgically induced myocardial infarction (Choudhery et al. 2012b) .
In another study, enhanced expression of pro-angiogenesis growth factors has been reported following cultivation of diabetic donor-derived MSCs in the presence of cardiomyocytes-conditioned medium (Khan et al. 2013 ). This improved heart-repairing properties of the MSCs after their transplantation into diabetic animal (Khan et al. 2013) .
The immunosuppressive characteristics of MSCs made them also suitable for use in allogeneic and autologous organ transplantation (Tan et al. 2012) . Therefore, one of the most promising strategies in the general scope of regenerative medicine would be the engraftment of stem cells capable of differentiating into selected tissue within the same range and functional outcomes as native progenitor phenotypes. There are some other challenges against MSCs-based cell therapy including allergic reaction, embolization upon infusion, lung entrapment, and alteration of proinflammatory gene expression after MSC transplantation (Meier et al. 2013; Wang et al. 2013; Nystedt et al. 2013) . Enhancing the immunomodulatory properties of MSCS via various strategies might address the concern dealing with long-term graft survival and alloantibody production.
Two practical strategies which resulted in improvement of MSCs' immunosuppressive effects included activation or increasing the expression of toll-like receptor 3 (TLR3) by supplementing MSCs culture media with poly (I:C) (Van den Akker et al. 2013 ) and induction of nitric oxide (NO) produced by nitric oxide synthase (NOS) (Ma et al. 2013) .
Recently, improvement of recovery procedure and decreased inflammation and vacuole formation have been reported following low-level laser therapy (LLLT) as an adjuvant care for MSC transplantation in cell therapy of peripheral nerve injury animal model .
Microarray analysis of cDNA expression of LLLT-affected MSCs indicated changing in expression of several genes involved in cellular viability pathways such as apoptosis and proliferation (Wu et al. 2012; Barboza et al. 2014) .
Conclusions
MSCs are attractive cells in several fields of cell therapy. However, there are some critical challenges against MSCsbased cell therapies. Low survival and limitations in vitro culture conditions are two important challenges. Here, we discussed some strategies used to increase potentiality and survival of MSCs (Fig. 3) . However, more ongoing studies should be conducted in this regard. Knowledge and understanding of these conditions will contribute to the improvement of MSCs-based cell therapy. 
